. 2008. Effect of lecithin with or without chitooligosaccharide on the growth performance, nutrient digestibility, blood metabolites and pork quality of finishing pigs. Can. J. Anim. Sci. 88: 283Á292. Two experiments were conducted to evaluate the effect of dietary lecithin with or without chitooligosaccharide (COS) on the performance, blood metabolites, pork cholesterol, fatty acid composition and quality of finishing pigs. In exp. 1, 36 pigs (Landrace )Yorkshire )Duroc, 84.590.60 kg initial body weight) were fed lecithin at 0, 2.5 or 5.0% of the diet. Lecithin improved average daily gain (16%) and feed conversion ratio, and did not affect apparent nutrient digestibility. On day 28, lecithin decreased serum total and low density lipoprotein (LDL) cholesterol (34 and 77%, P 00.016), and increased serum triglyceride (P 00.048). Lecithin did not affect carcass characteristics and pork quality, but increased myristic and alinolenic acid and reduced palmitoleic acid in pork. Experiment 2 involved 108 pigs (85.090.76 kg initial body weight) in a 2 )2 factorial arrangement of treatments, wherein two levels of lecithin (low, 2.5 and high, 5.0%) and COS (0.0 and 0.1%) were used. Addition of COS in diets containing lecithin reduced pork cholesterol (16.4%) and oleic acid (28.3%), and did not affect performance, nutrient digestibility, blood metabolites and pork quality. In conclusion, these results suggest that lecithin improved the growth performance of finishing pigs and inclusion of COS reduced the amount of cholesterol in pork.
Fat composition in the diet influences the fatty acid pattern in pig fat (Ellis and Isbell 1926) . Dietary polyunsaturated fatty acids are readily incorporated into pork fat, whereas dietary monounsaturated and saturated fatty acids have a weaker influence on fat composition (Gatlin et al. 2002) . Lecithin, a by-product of soybeans, has a fatty acid profile that is high in linoleic and other unsaturated fatty acids and contains phosphatidylcholine and other phospholipids. Most of the unsaturated fatty acids in lecithin are polyunsaturated fatty acids (Jones et al. 1992 ). The addition of phospholipids (in the form of vegetable lecithin) to diets of piglets improved fat digestibility due to their emulsifying property (Soares and Lopez-Bote 2002) . Similarly, lecithin added to diets containing animal fat (tallow) improved the apparent total tract digestibility of total fat (Reis de Souza et al. 1995) .
Chitooligosaccharide (COS) is a water-soluble oligosaccharide made from chitin or chitosan by chemical (Allan and Peyron 1995) or enzymatic decomposing methods (Mitsutomi et al. 1990 ). Chitosan increased dry matter digestibility (Lim et al. 2006) , and reduced ileal fat digestibility (Razdan and Pettersson 1996) in broilers. Chitosan exhibited a hypocholesterlemic effect in different animal models (Sugano et al. 1980; LeHoux and Grondin 1993; Razdan and Pettersson 1994) .
Blood cholesterol concentration is an important risk factor for the development of atherosclerosis, and soy lecithin has hypocholesterolemic properties in animals and humans (Jimenez et al. 1990; Polichetti et al. 1996) . However, the underlying mechanism of the cholesterol lowering effect of soy lecithin, as well as that of COS, has not been elucidated. Similarly, there are no reports on the effect of lecithin and COS on pork cholesterol, fatty acid composition or quality. In an experiment conducted by Han et al. (2007a) supplementation of COS in the diet of growing finishing pigs improved pork stability and reduced the low density lipoprotein (LDL) cholesterol in pork. Thus, it was hypothesized that lecithin either alone or in combination with COS may influence the performance, pork quality and its composition in finishing pigs. Hence, this study was conducted to evaluate the effect of dietary lecithin (exp. 1) with or without COS (exp. 2) on the growth performance, apparent nutrient digestibility, blood metabolites, pork cholesterol, fatty acid composition and pork quality of finishing pigs.
MATERIALS AND METHODS
These experiments were carried out following proper ethical standards and were approved by the Institutional Animal Care and Use Committee of Kangwon National University (Project Number: 2000167 and 2001524) .
Experimental Design, Animals and their Diets
In exp. 1, a total of 36 castrated pigs (Landrace ) Yorkshire )Duroc; 84.590.60 kg initial body weight) were allotted to three dietary treatments with four pen replicates in each, and comprised three pigs per replicate. Lecithin was added to replace animal fat (tallow) at 0, 2.5 and 5.0% of the diet.
In exp. 2, 108 pigs (Landrace )Yorkshire )Duroc; average body weight of 85.090.76 kg) of mixed gender were allotted to four dietary treatments in a 2 )2 factorial arrangement. Treatments consisted of two levels of lecithin (low, 2.5% and high, 5.0%) with (0.1% COS) or without COS (0.0%). There were three pen replicates per treatment and each replicate comprised nine pigs.
The levels of lecithin used in exp. 1 were based upon the findings of previous researchers (Jones et al. 1992; Øverland et al. 1993) , and in exp. 2, the same levels of lecithin (low and high) either alone or in combination with COS were used to study the effect of added COS to diets containing lecithin and their possible interaction. The level of COS used in the present study was based on the experiment conducted by Han et al. (2007a) on growing-finishing pigs. Lecithin was procured from Solae Co. (St. Louis, MO) and COS was obtained from Kunpoong Bio Co. (Seoul, Korea) .
In both the experiments, the pigs were housed in partially slotted and concrete floor pens of 2.5 m )2.5 m and 3.0 m)2.8 m in exps. 1 and 2, respectively. Pens were provided with a self-feeder and nipple waterer to allow ad libitum access to feed and water.
Ingredient and chemical composition of the experimental diets used in both the experiments are presented in Table 1 . All nutrients in the diet met or exceeded the National Research Council (1998) requirements. Lecithin was added to replace animal fat in the diet, while, in exp. 2, COS replaced corn in the diet on a weight basis. Fatty acid composition of lecithin used in this study is presented in Table 2 . The COS used in this study was a low molecular weight (400 to 2000 Da) watersoluble chitosan obtained from chitin of crab shells after deacetylation with concentrated sodium hydroxide at high temperature, and then further decomposition by chitosanase-KPB enzyme in the presence of ascorbic acid (Kunpoong Bio Co, Seoul, Company brochure 2000) .
Sampling, Processing and Analysis
The experimental feeding was carried out for 28 d, during which individual weight and feed disappearance (as-fed basis) were recorded at the end of every week to calculate the average daily gain, average daily feed intake and feed conversion ratio (FCR).
To study the effect of dietary lecithin with or without COS on the apparent nutrient digestibility, a digestibility trial was performed at the end of each experiment using chromic oxide as an indicator. The pigs were fed diets containing chromic acid (0.25%) from day 22 to 28 and fecal samples were collected from day 26 to 28 of the experiments. Fecal samples were collected from each pen and they were dried in a forced-air drying oven (Model FC-610, Advantec, Toyo Seisakusho Co. Ltd., Tokyo, Japan) at 60 o C for 72 h; dried feces were pooled by pen and ground with a 1-mm-mesh Wiley mill for chemical analysis.
The dry matter, crude protein, ether extract, calcium and phosphorus in the experimental diets and fecal samples were analyzed following the method of the Association of Official Analytical Chemists (1990). Gross energy was measured using a bomb calorimeter (Model 1261, Parr Instrument Co., Molin, IL), and chromium with an automated spectrophotometer (Shimadzu, Tokyo, Japan) according to the procedure of Fenton and Fenton (1979) .
Blood was collected at the end (day 28) of both the experiments from two pigs of each replicate, using a 10-mL vacutainer (Becton Dickinson Co., Franklin Lakes, NJ), and centrifuged at 3000 )g for 30 min for the separation of serum. The separated serum was stored at (20 o C until analyzed for total cholesterol, high density lipoprotein (HDL) cholesterol, LDL cholesterol, triglyceride, nonesterified fatty acids and glucose using clinical chemistry diagnostic reagents kits manufactured by Asan Pharmaceuticals (Seoul, Korea).
At the end of each experiment, two male pigs from each replicate reflecting average body weights were slaughtered by electrical stunning and exsanguination at a commercial slaughterhouse. The carcass traits were measured as described by Matthews et al. (1998) . Dressing percentage was determined by the following equation:
(hot carcass weight=final liveweight))100:
Backfat thickness was determined at the 10th rib.
After overnight chilling of carcass, the right longissmus dorsi muscle was removed and sectioned into 2.54-cm chops for the measurement of pork quality, cholesterol concentration and fatty acid composition. These chops were subjectively evaluated for color score and marbling according to the 5-point descriptive scale of the National Pork Producers Council (1991). Chops were then vaccum packed and stored at 4 o C for 5 and 10 d for the determination of Commision Internationale de L'Eclairage (CIE) color score, drip loss and thiobarbituric acid reactive substances (TBARS). The lightness (L*), redness (a*), and yellowness (b*) color values were measured using a color difference meter (Yasuda Seiko Co., CRÁ110, Minolta, Tokyo, Japan) on days 0, 5 and 10 d of vaccum storage using the standard method of CIE (MacNichol 1964) . Drip loss was determined as described by Honikel (1998) , and lipid peroxidation was measured by TBARS assay as per the method of Sinnhuber and Yu (1977) .
In addition, chops stored in vaccum bags at (30 o C were used for the analysis of cholesterol and fatty acid composition as per the simplified method of Paterson and Amado (1997) . Briefly, minced and homogenized samples of chops were weighed and added to a 25-mL screw-capped test tube with 4.5 mL of 1% pyrogallol in methanol and 0.5 mL of 50% potassium hydroxide solution, and the contents hydrolyzed in a shaking water bath for 1 h under continuous stirring at 60 o C. After cooling to room temperature, 2.5 mL of de-ionized water was added, followed by 5 mL of hexane, and the samples were vortexed for 2 min. Vortexed material was then centrifuged at 2200 )g for 3 min and the upper hexane layer was transferred to a clean 15-mL screw capped test tube, while hexane extraction of water layers was repeated. The hexane extracts for each sample were combined and evaporated to dryness and the residue was re-dissolved in 5 mL of hexane. The solutions were filtered through a 0.22-mm polyvinylidene fluoride filter in a polypropylene housing into clean vials, and used for the determination of cholesterol. The water phase was acidified with 1.5 mL hydrochloric acid for the release of free fatty acids, which were extracted using 5 mL hexane. The upper hexane layer was transferred to a clean 15-mL screw-capped test tube while the hexane extraction was repeated. The extract was then concentrated in a rotatory evaporator to near dryness and the residue was redissolved in 1 mL of hexane. Fatty acids were converted to methyl esters by adding 2.5 mL boron trifluoride in methanol, tubes were heated for 4 min at 100 o C and cooled under tap water. Another 2 mL hexane and 1 mL water were added and tubes were vortexed and centrifuged. The hexane layer was transferred into GC-sample vails and used for the estimation of fatty acids. An Agilent 6890N gas chromatograph (Agilent Technologies, Palo Alto, CA) equipped with a flame ionisation detector and HP-Innowax column (30 m length )0.32 mm i.d. )0.25 mm film thickness) was used for the analysis. Helium was used as carrier gas at a pressure of 30 psi. The oven temperature was initially held at 160 o C for 4 min then increased at 4 o C min
(1 to 230 o C and held for 3.5 min at this temperature. The injector (split mode) and detector temperatures were maintained at 240 and 280 o C, respectively. Methyl esters were identified by comparison with the retention times of pure standards and reported as percentage of total fatty acids.
Statistical Analysis
All the data generated were subjected to statistical analysis using the GLM procedures of the SAS Institute, Inc. (1990) in a complete randomized design. In addition, TBARS, drip loss and color scores were analyzed using the PROC MIXED procedure of the SAS Institute, Inc. (1990), with dietary treatments and their interaction with storage length as the fixed effects, while storage length was used as the repeated measure. As there was no significant interaction effect between dietary treatments and storage length, it has not been included in the tables. Pen was the experimental unit for analysis. In exp. 1, linear and quadratic contrasts were used to determine the nature of the response to the feeding of lecithin. In exp. 2, the data were analyzed as a 2 )2 factorial arrangement of treatments. The model contained effects due to the level of COS, lecithin and COS)lecithin interaction. All statements of significance were based on probability P B0.05.
RESULTS
In exp. 1, addition of lecithin to the diet of pigs improved their average daily gain (linear, P 00.005; quadratic, P 00.027) and FCR (linear, P 00.005); however, there were no differences (P 0.05) in the feed intake or apparent digestibility of various nutrients (Table 3) . Addition of 2.5 and 5% lecithin resulted in 15.6 and 16.2% greater body weight gain of pigs and decreased the FCR by 7.2 and 14.3%, respectively, when compared with those fed diets without lecithin.
On day 28, pigs fed diets supplemented with lecithin had linearly lower serum total cholesterol (P 00.048) and LDL cholesterol (P 00.016), while there was an increase in the serum triglyceride (P 00.032) with the increase in the lecithin level of the diet (Table 4) . Addition of lecithin had no influence on the blood concentration of HDL cholesterol, nonesterified fatty acid or glucose.
In general, the carcass characteristics and pork quality traits, such as dressing percentage, backfat thickness, lean (%), color and marbling score, TBARS and drip losses, were not affected by dietary lecithin except for a quadratic effect on CIE L* (P 00.049) at day 10 and a linear increase in the CIE b* (P 00.048) values on day 5 (Table 5 ). The data pertaining to the effect of lecithin on cholesterol level and fatty acid composition of loin in finishing pigs revealed that dietary lecithin increased linearly the level of a-linolenic acid (P B0.001), while there was a decrease in the level of palmitoleic acid (P 0 0.007) and a quadratic effect on the level of myristic acid (P 00.031); however, the levels of other fatty acids and cholesterol remained unaffected (P 0.05).
In exp. 2, average daily gain, feed intake, FCR and the apparent digestibility of all the nutrients were not affected by addition of COS to diets containing high or low lecithin (Table 7) . Similarly, feeding high or low levels of lecithin with or without COS did not affect total cholesterol, HDL cholesterol, LDL cholesterol, triglyceride, nonesterified fatty acid and glucose in the blood of finishing pigs (Table 8 ). The carcass characteristics and pork quality traits were comparable among various dietary treatments, except for the CIE b* values, which were 13.4% greater in pigs fed a low lecithin (P 0 0.029) diet when compared with those fed a high lecithin diet ( Table 9 ). Addition of COS to the diet was effective in reducing the level of cholesterol (P 00.001) by 16.4% and oleic acid (P 00.002) by 28.3% in the loins of pigs (Table 10 ). However, other fatty acids as well as the saturated and unsaturated fatty acids were found to be comparable among dietary treatments.
DISCUSSION
The lecithin used in this study had a greater amount of linoleic (C18:2n6), a-linolenic (C18:3n3), decosahexaenoic acid (C22:6n3) and total unsaturated fatty acids when compared with animal fat. The ratio of unsaturated:saturated fatty acids was also higher in lecithin, which is in agreement with the findings of Reis de Souza (1995) . In this experiment lecithin improved the growth performance and FCR of finishing pigs. Similar to our findings, Xing et al. (2004) also reported that weanling pigs fed lard had significantly reduced daily weight gain, and the addition of lecithin to such diets resulted in an improvement in weight gain, but there was no effect on feed intake. Supplementation of a choline-free purified basal diet with choline or deoiled lecithin induced a linear (P B0.01) increase in feed intake and weight gain (Emmert et al. 1996) . However, contrary to our findings, Van Wormer and Pollmann (1985) reported that the growth performance of pigs was not affected by the addition of lecithin to their diets. Similarly, Cantor et al. (1997) used soybean lecithin (2.5 or 5%) as a substitute for blended animal-vegetable fat in broiler diets and did not observe any effect of dietary lecithin treatments on final body weight, cumulative feed intake and FCR. The improved gain in weight observed in the present study may be due to the numerically higher feed intake by pigs fed diets containing lecithin. Better FCR in pigs fed dietary lecithin indicates efficient feed utilization, which is also reflected in the numerically higher digestibility values. The addition of COS at the levels of 0.2 and 0.1%, respectively, in starter and grower diets of pigs, had no effect on growth performance; however, a level of 0.3% reduced feed intake and improved feed:gain in grower piglets (Han et al. 2007b) . Similarly, chickens fed a commercial diet containing 20% dried whey and 2 or 0.5% chitin had significantly improved weight gain as compared with control and the feed efficiency ratio shifted from 2.5 to 2.38 due to incorporation of chitin in the feed (Zikasis et al. 1982) . In our study we did not observe any effect of adding COS to the diets of finishing pigs containing lecithin on their growth performance. These discrepancies in response to COS may result in part from the different molecular weights and different doses of the COS used in the experiments. The COS serves only as adhesive and carrying agents when its molecular weight is greater than 10 5 Da, while at molecular weight range 10 3 to 10 4 Da COS reduces the establishment of pathogens in the intestine (Huang et al. 2005) . At a molecular weight of less than 10 3 Da, x NS, not significant (P 0.05).
w Scored on the scale of 1 0pale pinkish grey to 50dark purplish red (NPPC 1991) .
v Scored on the scale of 1 0practically devoid to 50very firm and dark (NPPC 1991). COS can stimulate the growth of bifid bacteria (Hou and Gao 2001) . The literature regarding the effect of dietary lecithin on nutrient digestibility showed variable responses. Soares and Lopez-Bote (2002) reported that supplementation of lecithin or dietary fat had no effect on the dry matter, crude protein, or total mineral digestibility. Similarly, Øverland et al. (1993) also did not observe any improvement in soy oil digestibility when lecithin was included to the diet of young pigs. However, Jones et al. (1992) reported an increase in fat digestibility when lecithin or lysolecithin were added to nursery diets containing soybean oil or tallow, but not to diets containing lard. These varied results obtained by various workers may be affiliated to the type of fat used in the diet and the fatty acid composition of lecithin. Thus, the addition of lecithin as an emulsifier to fat sources such as soybean oil, coconut oil, tallow and lard used in the diet of pigs improved the digestibility of tallow and soybean oil. Chitosan added to the diets of weanling piglets had no effect on their nutrient digestibility (Kim et al. 1999 ). However, higher crude fat digestibility was reported when COS was fed at the level of 0.3% to the diet of growing piglets (Han et al. 2007b ). This suggests that the level of 0.1% COS used in the present study was not sufficient to elicit any improvements in the nutrient digestibility.
When pigs were fed diets supplemented with dietary lecithin, the serum total and LDL cholesterol were reduced; however, there was an increase in the level of triglyceride, but the addition of COS to the diets containing lecithin had no effect on the level of blood metabolites. Similar to our results, O'Brien and Corrigan (1988) also reported that lecithin from soybeans reduced plasma total cholesterol by 49% without having any effect on HDL cholesterol in guinea pigs. However, Jones et al. (1992) observed that the serum cholesterol was lower for pigs fed lard plus lecithin than for pigs fed tallow plus lecithin. In our findings, pigs fed diets containing animal fat had significantly lower levels of triglyceride as compared with pigs fed lecithin. This may be attributed to the lower digestibility of animal fat in comparison with fat of vegetable origin (Cera et al. 1988 ). Factors such as higher degree of saturation and long chain length of fatty acids in animal fats decrease micelle formation (Freeman 1969) . Similarly, phosphatidylcholine, the main constituent of phospholipids of soybean lecithin, may also be responsible for the lipid-lowering effect of lecithin, by reducing lipid biosynthesis in the liver (Ide and Murata 1994) . Moreover, lecithin and choline facilitate uptake and clearance of fat from the jejunum and normal chylomicron formation (O'Doherty et al. 1973 ).
The CIE L* values were higher due to lecithin; these higher values are due to more light reflectance, suggesting that pork of pigs fed lecithin is pale in color (Bates et al. 2005) , which is not a preferred quality attribute. Similarly, pigs fed diets containing lecithin had higher CIE b* values, indicating that the pork is more yellow in color. The addition of COS to the diets containing Each treatment mean represents three experimental units. y Effect definitions are C 0COS main effect, L0lecithin main effect, C)L 0interaction, all at P B0.05 or lower.
x NS, not significant (P 0.05).
v Scored on the scale of 10practically devoid to 50very firm and dark (NPPC 1991). Each treatment mean represents three experimental units. y Effect definitions are C 0COS main effect, L0lecithin main effect, C)L 0interaction, all at P B0.05 or lower.
lecithin had no effect on the meat quality parameters. There are no reports that elucidate the effect of lecithin and COS on the pork characteristics and quality traits. However, Leskanich et al. (1997) reported that altering the fatty acid (n (1) composition in the diets of pigs had no influence on the CIE values of L*, a* and b*, marbling score and drip loss. The differences in the fatty acid composition may be the possible reason for the color changes observed due to lecithin in our study. Lecithin increased the levels of myristic and alinolenic acid in the loins of pigs, whereas the addition of COS reduced the level of cholesterol in the loin of finishing pigs. The level of cholesterol in the liver of rats was significantly reduced when chitosan was added to their diets containing lard when compared with those of rats fed only lard or chitin plus cholesterol (Simunek and Bartonova 2005) . Also, no changes were noted in the proportion of total saturated and unsaturated fatty acids in pigs fed diets with varying levels of fatty acids; however, the dietary (n(3) fatty acids were effective in increasing the content of linolenic acid in pork (Leskanich et al. 1997) . The increase in a-linolenic acid (C18:3n3) of pork in the present study may be attributed to the greater amount of this fatty acid in lecithin (Table  2) . Monounsaturated fatty acids, such as oleic acid, have been reported to be hypolipidemic, reducing both total and LDL cholesterol and triglycerides (Grundy 1986 ). The cholesterol reduction mechanism of COS may be due to the increased fecal excretion of cholesterol (Sugano et al. 1980) , and increased bile acid excretion could reduce cholesterol concentration, as plasma or liver cholesterol would be utilized to maintain the bile acid pool (Gallaher et al. 2000) .
Thus from the above results it may be concluded that inclusion of lecithin in the diets of finishing pigs improved their growth performance and a-linolenic acid in pork and further addition of COS to diets containing lecithin reduced the cholesterol in pork without affecting its quality.
